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. SUMMARY & CONMCLUSIOQONS

Qverall, Foam Fracs appear to be gquita suitable for the
Jevonian Shale since the formation is shallow, low tamperature
and low permeability. The Devenian also needs to have quick
clean up to prevent formation damage and this is an arsa where

foam fluids are excellent.

The report discusses the available data on foam fracs
and evaluates the state of the art of the foam fluid as it
applies Eo hydraulic fracturing stimulation of tHe Devgnian
Shale.

Different ways to conduct foam treatments are discussed.
Limits of foams are presented with a section on how to esxtand
these limits. The analysis of the treatment after stimulation

is discussed with recommendations for further testing.

Computer programs have bean run to illustrats the ef fect

of fluid leakoff on fracture geometry with a constant viscosizty

-

oam; however, more exact analysis is needad since the sffactive
foam viscosity depends on prassure changes, flow ratas, fracture
widths, and formation permeability during the dynamic fracturing

cparation.

The conclusions of the study on foam Ffracturing fluids

are as follows:

1. Foam fluids are affective in cartain applications:

In areas whare quick claan up is essential
in formations of low permeability

At shallow dapths

QO O W )

. At low temperaturas.
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2. When used in the Devonian Shalas which can be
naturally fractured, 100 mesh sand should be usad

as the lead in sand for help in fluid loass caoncrol.

3. Complete evaluation and quantitative comparisons
to other techniques will raquire that a prassure
build up analysis be run on the foam fracs and on

other treatments where comparisons are needed.

4. A modified Foam Frac or modified equipmenc should
be considered if productivizy is curtailed by low
prappant concantrations which are charactaristic

of the foam treatments.

S. A new computer program is needed to help design
foam fracs. It would be usaful for future tr2atments
to assess the effects of updated information and

properties of foams on the r=quired resulzts.

These conclusicns are discussad in detail in the body

of tha raport.
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11, [INTROOUCTION

A recent innqyg;jon_iﬁ the davelaping technology of
hydraulic fracfﬁg}ng is the use of foam as a new fracturing
fFluid!’?. Foam saems to fit the definiticn of a desirable
frac Fluid since it can hydraulically cresate a fracture, it can
carry sand into the fracture, it minimizes formation permea-

biliey damage, and it cleans up quickly after the job.

" Foam has been used quite widely in the oil and gas
industry for the last 5 years. Ouring 19757, aver 200 Ffoan
Fracs were designed for many geographical areas. Table |
shows the states and counties where Foam Fracs were used. The
results of some of these treatments are given in Table 2 which
shows tha type of formation, depths, injection rate, traating
pressure, amount of proppant, and early results of these 1975
traatmants. '

¢

In the E.G.S.P. program?! at least 6 foam Ffracs have

bean reported as of May 15, 1978. These treatments ars shown
in Table 3. Most of thase treatments used 2 75 quality foam

at an injection rate of 25 to 40 3PM. Although results anpear
to be accaptable, the results are difficult o compare directly
with other treatments since thesa have baen usad over a2 wide
area and with unknown downhole conditions such as effective
formation permeability, amount of natural fracturing and various

mechanical difficulties.
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. TABLE 1. GEQGRAPH!IC LOCATIQONS WHEREZ SQME STABLE FCAM

FRACTURING JOBS WERE PERFQAMED 1M 1875.

State Counties
Texas Val Verde, Starling, Ward, Suttcn,
Edwards, Webb, Crockett, Reeaves,
e T Hale, Hemphill, Coke, Irion, Uptcn
Colorado Wellol, Cheyenne, Weld, Elbert,
Rio 8lanco, Larmier
dklahoma Texas, Okmulgee, Cartar, Kay,
Pittsburg
Kansas Mocton, Sherman, Grant
Wyeming Converse, Niobrara, Sweetwater
New Mexico San Juan, L=2a
Califarnia Fresno
Pannsylvania Forrast
FABUE 2. SAMPLE OF FICTD RESUL IS
we | Thead
Fluid foam Treatirng Proppant Production
farration Ceath Moda* Rata Rate Pressurs Amount Tyoe Be fors Afcer
1fe) (37H) 3747 {psi) T15s) (Fisni
Jlros 7,403 1 4.2 16 4.500 18,0C0 10-20 SCQ “CFQ0  14G0 »#C7Q
Zsuncil Grove 2,300 3 1§ S8 1,58G0 {20 Jalets] 20-40 100 #C73 2400 MCFO
Pancys-3 2,X%0 2 3 8 2,540 8Z,00a 20-40 100 #CF3 200 MCF3
stes . 1s.cea” . 10-20 .
tcture ClE ¢ 3,150 2 . 3 15 1.,3C0 $.000 8.12 ‘ 215 #CFQ
. o c 3,000 10-20 . N
Aleturs CIIfF 1,380 P4 1.5 '10 1,800 1.500 8-12 d 1058 HCFD
Strawn §,500 3 4 12 4,200 37,500 20-40 ve 42 2070
Canyon 7,000 2 4.5 13 5,200 §1,00G 20-40 18 MCFG L0 NCFY
Zanyan §,395 2 4.5 18 4,599 25,0 20-490 7S NCFO Z5Q ®CFQ
laugias 7,040 2 7 24 3,c0Q $1,0C0 10-20 hid 1Q0,CC0 MCFQ
“l2arforz §,3 3 7.5 o] 2,200 75,870 2C-43 3 3CPQ 23 30P0Q
. e
1. Tuwing
2. Casing

3. Manffolded TWing § lastag

Hew Compiaticn - Tast Cata Prigr g frac Mot Avariagle
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Preductian

‘armatioe Yoi Sand Rate Qaatn Pee! At talacss - Cast States leilt
Tyae [§31D)] {Las) [§.10 )] (FUy st Mter (3143 Caunty Caatractar Na
3t % D 199001 1) 48.308¢4) b ] 1323-181% 1%6¢ 43 /38 8.8 Ly/Pacty 172 1233
faerMigdls 13 009 13. 000 b J114-30 1" 3/33e 19.4 - " 1243
[ TI4.} 341238 Ray Slae2
*re lidany S 43 308 34000 13 214823328 134 8/13 17.4 Xy/Chelatiam Qedit P
lagsr/¥ed44te 30 108 34 .400 = 1343-2%44 . e /183 15.7 L3/Preey Xy/YY 1821
TR Y 1133-1110 :
atrim 15,208 9. 000 13 13081540 12 8/130 173 i /Gsteen Teiza a:':;’
llgee/didate  $g 048 $4 0gg 40 mMIs-n? 134 3/33a 17.3 1¥/¢asen Aood 331 1}
it 1322-3041 Enargy

" TABLE 3-SUMMARY OF

E.G.S.P. CONVENTIONAL FOAM TREATMENTS AS OF 5/15/73
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IHl, APPROACH TJO FCAM FRAC EVALUATION

To study foam fracs, particularly in tha Devonian Shalas,
the records of all of the foam treatments were examined to see
if the jobs went as planned and to verify predicted rates,
prassures and sand schedules. Aftar this early ekaminacion of
‘tha treating reports, a thorough survey of the literaturs was
undertakean to familiarize myself with the present day state of
tachnology of foam fracturing. Many calls were made to service
companies, laboratories, o0il companies, and angineers and aucthors

of foam papers who were familiar with the state of the arc.

From these conversations and articles tha strengths,
f%?i%ﬁ?is¢51«iﬂ? uses of foam fracs begin to emerga.--Persaonal ...
cgpinions of organizations and'people salling foam materials

wera discounted and an objective look at the subjéct was attampted.
To illustrate the effects of the fluid propertiass of

foam in fracturing it was decided to run 2 types of fracczuring
programs. A simple one to run parameter studies and trends,

and a mora exact one to account for other variables in the
fracture generation process. The first parameérichécﬁdies warea

run with a Kerns and Perkins'!’!'® typa calculation. A more axact

29 3ad Keistianoviech and

program based on Baranblatts Equations
Zheltov's™ approach was also rtaken ta examine tha effects of

fluid leakoff of foams. ' .

The main affucts to be examinad ara the extant of znhe
fracture that is possible with foam, the placement of proooant,
the clean up of foam, fluid laakoff effects, effect of rock
properties, and the predictability of foam fracturing trzacmant

design.
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1V, FOAM FRACTURE OESIGNS

The Devonian wells in which Foam Fracs were parformed
were first s:imufifza with approximate rates and volumes using
properties assessed by the service companias for these Ctreatments.
The Karns and Perkins calculations for the six wells showa in

Table 3 are given below in Tabla &4,

Many other cases were run to Ffind out what inpufs properties

were most sansitive. As it usually turas out, the Fluid Loss

Coefficiant is the variable having the greatest affect. From

my conversations with the servics companies and Amoco QJ0ii Com-
pany, this is the area in which we know the least.

8laurer's?

original fluid loss data is in doubt and was
taken out of context to use in low permeabilicty situations. '
His lowest permeability tasted was 170 md. He finds a 'fluid
loss coefficiant of 10°°% to 10=*ft//min. In sarvica company
tests they find | md cores give data in the 107 %fe//main range.
This approximate value (0.002 ft//min) was usad ian the calcula-
tions for Table 4., King?? of Amoco reports fluid loss as high
as 0.1 (10~'fe//min) with | md cores. He admits his resulcs
are pessimistic but we know that somewhera betwean his data

and Blaurarsdata is the correct value of fluid leakoff.

Viscosity is an important variable and provides another
area of uncertainty since Foam is a non-Newtonian fluid. Its
viscosity is a function of shear rate which means that it is a
function ¢f injection rate, fracture width and leakoff velocity.
The behavior of the viscosity of the foam is felt to ve signi-
ficant to the affactive Iedg:h of the fracture and the width
to length rates of the fracture which determines allowable

sand volume.
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by 1

lncre2asaes in the injection rate increase tha2 siz2 o

the fracture bacause more fluid is put into the fracture in
a given time period. This decraases foam viscosity and
increases fluid leakoff so a careful study of all effacts is

required.

Fracture Height is approxim.ted by the perforacad

interval plus a small amountz. On these small treatments frac
height is fairly closaely 2stimarad. MHF and extremely large
treatments can have frac heignt as™a very important variable
;inée-it is possible to fracture out of cﬁe producing zone.

Rock Modulus variations have a lower order effect and

is not noticeable in the prediction of fracture geometry. -

After the first casas wera avaluated, the focam rheology
was examinad more closely. lnputs in viscogity values from
Sunder Advani, sarvica labs and others indicated that a low
effective viscosity of about 25¢cp was possible. Bacsd on
this information, the Kristianovich and Zheltoen gragram Qas
run repeating ane of the earlier casas in Table 4, Walil
10 KY-WVZ, Table 5 shows this result where the fracture length,
width, and velume ares all raduced because of the lower affective
viscosity and higher effective fluid loss coefficient
(0.0042 fe//min).

This type of program could be further modified to.account
for the change in viscosity of the foam as it flows down the
fracture and as it leaks into the formatioan and into micro-
fracture. Tabla 5 is believed to be fairly accurats reprasent-
ation of the craated fracture gaometirv. A pressure build up

analysis is required to prove this, howaver.
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A definite need exists for a more accurate madeling

—_— 9‘

of the foams bahavior in the fracture and as it leaks inato
microcracks and fissures.
__-TABLE 4. DEVONIAN FOAM FRAC JOBS.
CWell 1.0, KY-WYI Viscosity (CP) 5Q0.
Max. Job Time (Min.) 35. Frac Height (ft) 100.
Time lncramenc (Min.) 5. Rock Modulus (psi)  5000000.
injection Rate (3PM) 30. ' :
QUERSE . FLULD LSS COEF.= 0.00200
Wil LENGTH vaLumseE EFF. TIHE
(INTF 71,2 (CU.FT.) (%) (MINMN,)
o Il 114.51 535.24 45.92 3.00
J.3d JRANII 1021.13 50.82 10.00
()-.J:-A 2‘;\“)'4‘)’ 1447'\54 :J oa.9 15000
Q.3 200,55 1847.91 $4.85 20.00
D.39 3a3.15 2229.03 52.93 25.00
Q. g . 398,23 2598 .72 S1.37 30.00
Q. 335.54 ”949 12 S0.02 35.090
Well 1. D. KY-WV2 Viscosity (CP) 500.
Max. Joo Time (Min.) S0. Frac Heignt (ft) 100.
Time Incrament (Min.) 5.0 Rock Modulus (psi) 50C0C00.
Injection Rata (8PM) 25.0
QUEvT . FLULD L uUsSs CDEF-= 0.00QOO
Wil LENGTH VOLUME EFF. _ TIME -
CINL (FT.) (CU.FT.) (%) S (MING)
0.2/ 100.33 449,70 $5.07 5.00
0.230 162.72 823,05 $8.53 10.00
V.33 214.59 1183.15 S8.24 15.00
Q.3 250.39 1481.33 S$2.74 20.00
Vo J02. 10 1783.42 30.82 25.00 T
0,37 330 .99 2074.01 39.2 30.00 :
Vel 377.07 2393.15 47,90 35.00
2R Y 311,34 223,44 445.72 40,00
O, 0 438,v4 24986,.03 15,89 45.00
O, i 470,14 3141.895 314,74 £0.00
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TABLE 4. DEVON!AM FOAM FRAC J408S {Cont'd).

Viscosity (CP) 50c0.
Frac Height (fc) 150.
Rock Modulus {PSI)

Well [.0. ORSIT

Max. Job Time (Min.) 45.
Time lncrament (Min.) 5.0
Injection Rate (8PM) 25.0

Uty FLULD LUSYS = 0.00200
'UIUIH LEMGTH VaLung EFF. TIME
(LMD (FT.) (CU.FT.) (%) (MIN.)
0.0 S0.83 S$12.70 73.05 5.00
S BRI 8N, 99 ?%0.47 ~&8,42 10.00
O. A 112,09 1377.87 65.43 15.00
9.?3 137.29 17735.23 43.2 20.00Q
0.5 160,43 2156.96 61.46 25.00
Q.ﬁa 182.09 2825.07 29.98 30.00
Q.? 202,446 2884.84% 38.72 35,00
O.;U 221.87 3234.54 S7.41 40,00
0.&0 240. 49 3577.354 Sé4.43 45.00
UOED 0.05 UNITS
Well 1.0. Xy=WvV3 Viscosity (CP) 500.
Max. Job Time (Min.) '50. Frac Heighe (fc) 80.
Time lncrement (Min.) 5.0 Rock Modulus (PSI) 5000QQ0.
lnjecticn Rata (8PM) 25.
OVERAL.. FLUID LLOSS COEF.= 0.,00200
WID LENGTH vaLune EFF. TIx
VINLGD (k1) (CUFT.)} (L) (MIN,)
o 0.23 121.83 3457.70 8§5.21- 5,00
0,32 197.74 840.19 29.85 10,00
- Q.34 261.20 1189.,4% 56.50 15.00
Q.36 317.31 1517.28 354,04 20,00
0.37 368,45 1828.93 S52.12 25.00
0.3 416,03 2128.70 20.55 30,00
9,37 4460.5% 2417.12 49.20 35,00
0, sQ 802,48 246F6.561 48.03 - 40,00
0.4 542.31 2948.33 44.99 45,00
VI $91,23 3233.2 446.07 50,00



gl

TABLE 4,

Well 1.D0. QSTEG]

Max. Job Time (Min.) 4S.
Time lacrament (Min.) S.
injection Rate (8PM) 25.

UVERAT . FLULD LUSS COEF.= 0.00200

WLl
CINLY
Q.20
0.23

0.24

e

L TH

1
154.43
262.82
333.22
d13.59
aA77 .55
$534.25
371.048
$42.74
S71.74

e YL UNLTS

Well [.0. WV/MASOH

© Max. Job Time (Min.) 30.
Time Increment (Min.) 5.0
tnjection Rate (3PM) 4Q.

QUERNMLL FLUID LUSS CUEF.= 0.00200

WIDIi
CINGY
» 2

.

[ S &l O

S CO0OTU O

‘/
AR REARRER

s

LENGTH
(FT.)
81.11

131L.95

174.38

211.92

245.15

279.00

VOLLUME

(CU.FT.)

401.53
721.38
1007.33
1272.15
1522.23

- iy i @
1739.484%
1?797.31
22046.73
2412.07

VOLUME

(CU.FT.)

736.57
1333.449
1917.67
2444.88
2930.57
34332.,2%

DEVONIAN FOAM FRAC JOBS (Cont'd).

Viscesity (CP)
Frac Height (ft) 72.
Rock Maodulus (PSi) 500000QQ.

EFF.
(%)

57.22
S1.40
47,394
45,31
43.38
41,78
40,45
39.30
38.30

Open File No. 112

100Q.

TIME
(MIN.D

S.00
10,00
15.00
20.00
25.00
30.00
35.00
40,00
43.00

Viscosity (CP) 500.
Frac Height (ft) 190.
Rock Modulus (PSI) 5000Q00.

EFF.
(%)
65.39
$0.24
$6.92
$4.47
$2.385

30.98

CTIME
(4ING)
S.00 : —
10,00
15.00
20.00 —_—
30.00



KY-WV2 WELL
(X -PROGRAM)

TABLE 5.

3300 fe.
100 fr.
86 fe. - -

Cepth:
Gross Height:
New Height:
Frac Gradient: 0.7 psi/fet.
Parmeability: 1.0 md.

Parosity: Q.1 dec. fraction.

Mean Sonic Travel Time: 865 usec/fr.
Resv. Fluid Viscosity: .02 cp.

—_—

e
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NEW [NPUT DATA

15/cu ft.

Resv. Fluid Qensicty: 2.0
Q.003 l/psi.

Resv. Fluid Comprassibility:
Rasarvair Prassura: 350 psi.
Frac Fluid Viscosity at Temp:
Injection Rate: 25 bpm.
Gal Concentration: 0. Ib/10G0 gal.
Fluid Loss Add. Conc.: 0. 1b/10C0 gal.

25 ¢p.
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V. FRACTURE EVALUATIQN

To date the Foam Frac treatmeats have beesn judged on
production increaseas. Unfortunately, this does not tell the
antira story since the procass (Feam Frac) may work perfectly,
but the well is just not a producer. Ffor this reason and to
duancicaciveT; compare walls stimulazted with various ctechniques
of all sizes, it is imparative that short term pressure buildup
tests be made with bottomhole pressure bambs. The resuliing
data will allow a unique solution of the fracture conductivity,
fracture length and effective formation permeability to be made.

12

Such a buildup curva is shown in Figure 1.

Figure |
PRESSURE BUILOUP ANALYSIS

1000 _L_

800 —«— final slope
 ralates to formation
permeanility

600 —iw

500 —m

8reak up point

relatas to _——N\\Ey
fracture

length
200 -

AQ‘Slope reiates o
Fracturzs Conductivity
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Vi, LIMITS OF FQAM FRACTURING

Even with the good attributes of quick clean up, minimal
formation impairment and low trating pressures, there are
definite limits to the use of fcam fluids in hydraulic frac-

turing treatments.

Foams are basically non-wall building fluids and ars held
in the fracture (kept from laaking off) by the affactive
viscosity of the foam. Fcams are.good Fluids if the treatihg
arassure and differantial pressura into the formation is low
and if the formation permeability i§ alse low. King and
Danasihy report in conversations that foam fluids do .not have the
fluid loss attributaed them by Blaurer. While liquid leakoff may
be low, total ligquid and gas leakoff can be very high._ A fiald _
example is in the Wilcox sand, a foam frac quickly sanded out
from too nigh of fluid leakoff into a formation whaose effective
permeability was probably 10 md or greater. So our first limig

is to only fracture low permeability reservoirs.

How is the Foam Fluid Loss Coefficiant Calculatad?

Foam Fluid Loss Coefficiants! for calculations of fracture
geometry. Cr is the viscosity control.

KA
= 0.001433 o/5229 (1)
Cris the compressibility of the formation coantrol
- Rdc A
Crr = 0.001183 ap - {2)

o 1 —_—
-

The total fluid loss coafficiant is made up of both Cr

and C as shown by Equation (3). -
C_-c e T T
I Iz -
CT =
CI + o
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k = permeability (md)
Ap = filzration pressure (psi)
= parosity (decimal fraction)

¢ = compressibility or 1/p_ (1/psi)

u = effactive foam viscosity (cp)

The effactive foam viscosity is dafined in E€quation 4% below

as:

-¢ . as1
we = 3995 (2228 ()
where

n, = plastic viscoasity (ecp)
Ty = vyield stress (15/ft?)

W = dynamic frac width (in)
h =  fracture height (ft)

Q = injection rate of foam (3°M)

What about foam lsakoff into microfractures?

Foam leakoff will probably be very high due to the high.

shear ratas associatad with the foam leaking into a tiny crack.
The best gas wells in the Devonian will probably have thesa
microcracks or natural fracturas so the use of 100 mesh sand is
highly recommanded to help contral leakoff of tha foam. It

will not stop laakoff but it can slow it down and still will

‘not damage the well's productivity. More work and- testing is  ~ -

raquired in this araa.

Why use foam at shallow dapths?

Amoco rscommends the usz2 of foam Ffiuids only to 4000 or
5000 ft. becausa of aconomic reasons out also because formation
temperaturas are lowar and do not cause problems. Algo, the
giffarantial tra23cing prassura into the raservoir is limicad

-

o0 a c2rtain 2xtant at these depths =~ ramembar the fluid laako

x

14
]
-

=

raze of foams is sensitive to this diffarential prassurs.

-5~
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Why limit Foam usa to low temperatures?

Uo to 150°F no bad effects have be=n fouad on foams.
Possible chemical reactions and surfactant adsorption is
thought possible above 150°F. This could be overcome Dy
radasign but is only anothar complication that is not

desiradla,

How does the amount of proppant in a foam treatment

jimit 1ts results?

Foams can only carry low sand concenctrations using the
convantional bleadar addition of sand since the water phase
is only about 1/4 of the total foam fluid volume. Sand
concantrations shown in Tablé 3 avarage only about | lb. of
sand per gallon of foam. Foam does not allow the sand to
settla, hence the dynamic width closes on the sand to maka
a vary narrow fracture channel. This effect is illustcrated

igure 2.

et

OYNAMIC PROPPANT :
FRACTURE 8ANXK

B3 S,
RS A

a SendDank  width i3 equal 10 dYNIMIC wedlh wien
araupant sacties ta (e Bottam af (he tracture.

DYNAMIC PROPPANT
FRACTURE BANK

. Sanubank width wei) De 25% g 50" of JvNIMC with

whan [rouGant 3 Sustwatbed 2 IR leae Hasd,

Frg. 2 Sandkank width.

b -
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Qur standard fracture pragrams calculate an avarage
dynamic fracture width (w). This is about the final width
(we) in Ffrac jobs that use thia fluids which allow sand tc

sacttle. This affect is described by Egquation S below.

"0.063 (Cg) w

1.0 + 0.044(cCy)

where
e = final fracture width (in)
s T sand concenctration (1b/gal of foam fluid)
W = average dynamic fracture width (in).
As an example, let us assume that | 1b of sand is used

(average) for each gallon of foam fracturing fluid. Than by
solving Equation § as;uming w = |, we see that the final
fracture width (WF) is only 0.08 or 6 percent of the original
average width. Unlass very T::ge, permeable sand is usaed or
unleass formation permeanility is extramely low, tha overall
stimuylation rasult will be reduced. This.graphically illu-
strates a major limit of foam fracturing at present. Also,

we can see that any fracturing technique in which sand settiing

is prevented whila not using high concentrations of sand will

have narrower widths than would normally be calculated.

What about the rheology of foams?

fFoams are very non-Newtonian type fluds. They sheaar thin
or decr2as2 in viscosity with high shear rates. 8laurar- and
others have chosen to use a 3ingham fluid model to ra2prasant
the affective viscosity in the fracture. 8laurer's eguation

is shown in Egquaction 6.

T w?h (6
u = U *‘7.]62-L_____
& P Q

—I7-
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wharsa

n = plastic viscosity (5.4 cp ar 753 Quality)

a2 vyield strangth (b4& IbF/IOO Fr® at 753% Qualicty)
w = frac width (ia)
h.= frac height (ft)

Q = injection rate (8PH)

8y using this data and replotting, a power law model is
derived to calculate the affactive foam fracture viscosity.

These expressions ares given in Equations 7, 3 and 9.

T = gy . (7)
wharaea

XK = 19.56

n = 0.149

T = shear strass

since v 9;%}2§,Q in the fracture (8)
w=h
then o= 3995 (v °Fh (3)

2

for affectiva foam viscosity in the fractures.

Whila Equation § shows foam viscosity values of several
hundred centipocise in the plénar fracture, leakoff into micro-=
cracks and fissuras can raduce this viscosizy to [0 cp. or less.
This reduction in viscosity is causad by the.extremely high

rates of shear governed by the very aarrow crack widths.

/’g"
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vit. MOO(FIED TREATMENTS

In a~shorct discussion we will try and decide how to
retain the desirable parts of the foam fracs but design

around the limits of the foam fluids.

One |imit mentioned earlier was that the suspensicn
of sand by the foam was too good - very little sectled. A

wider fracture and higher sand concentrations ara desirable.

We have several ways to do this.. One method is to
make a weaker foam; however, instead of changing foam
proparties we may want to inject slugs of water carrying
highar sand concantrations in alternating sequences with the
foam fluids. Another choice is to make a sub foam or aerated
water fluid to retain quick clean up but fo carry mora sand.
Sub foams may cost less as well. Another approach is to use
largar grain sands since the formation can only close down
to cne grain diameter with the low closure stresses encounteread

at these dapths.

€fforts are undarway by Fracmaster and Nowsco to build
a proppant injector to injeact high concentrations of sand
directly into the foam. This would have the affect of kez2ping

the final fracture width close to the dynamic fracture width.

1n areas whara fluid leakaff seams to be a proalem, the
usa of polymers or fluid loss additives may help compliete the
stimulation treatments (recommended by King2). Polymers or
additions may make the foams more stable; too stable for the
way in which they are prasently used. Lab tasts o radesign
foams may be nacessary and foam breaking oy encapsulated

defoamers may 52 raguirad. Fiald procaduras could alsc »e

-7~
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changed to flow 5ack the wells at lower rates if there is
a problem of the-foam carrying sand back out of the
fracture after treatment.

Much work on foams is undarway, bul 1T |

v

not vet
complatad. When information on accurata fluid laakoff
measuremen:s and friction loss testing is made public, it
is hoped that we use it to improve.our foam designs and

to employ foam fluids for broader aspplications.
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